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BSTRACT 


A  soils  aiir/ey  was  ccnducted  in  Frenjtunan  Flat 
at.  the  Nevada  T«st  Site  for  the  Sma'l  Loy  Event  to 
provide  instrumentation  lioles  and  data  on  the  physical 
characteristics  of  the  subsurface  soils  and  backfill 
raatorlals  for  Protrara  1  and  Prograai  J  p  .-,ects. 

Field  at>d  laborf  ory  teats  were  -'.-'nducted  to 
de^euiinc  ttie  water  content>  gradation,  density,  and 
strength  of  the  natural  soils  and  the  water  content 
and  density  of  cosseted  soils  used  for  tacKi'tUtnp. 

and  testing  procedures  used  in  conduct¬ 
ing  the  survey  and  the  results  obtained  are  presented 
In  this  report. 
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CI^AmR 

INTRODUCTIOH 

1.1 

Ihe  overall  objectives  of  Project  l.o  Soils  Survey^ 
weie  to:  (i)  obtain  preshot  oata  on  the  chaiacter  and 
certain  physical  properties  of  the  natural  soil  to  a  depth 
of  ^75  feet  in  the  vicinity  of  ground  for  the  ii 

Boy  Svent  lju  the  Frenchman  Flat  (FT)  area  at  tlie  rfevada 
Tci.-*  Site  (ntS).  (2l  provide  holes  tor  thr  ^URtellation 
of  lostruments  and  sand  coluoas,  (3)  determine  density 
a:tu  rfater  content  of  the  backfill  ploced  aro>md  stracturea 
and  in  inatniaent  installatians,  and  (>0  obtain  postshot 
data  on  certain  j^alcal  properties  of  the  natural  soil 
to  a  depth  of  75  feet,  these  actlvltiee  vere  to  support 
•ceLCiee  partiotpatln^  in  projects  X.2,  1.3»  1.9>  3.1#  3.2# 
sod  3*3  in  enalytin^  bleat  effteta  aa  related  to  strreturee. 
elaetic  foundation  defonsavlons,  pemenent  foundation 
defbxaatione#  vertl^  end  horlsontai  s«M>ck  wave  etaiure- 
aeota  m  foiodation  eotia  in  tha  blaat  area#  end  the 
anlcldina  effect  of  earth  ^rover  over  etnirturee. 

apeelfic  objectlvee  of  the  eoUa  a  irvey  v^re  ‘ 

(1)  pn'’lde  3-1/2-loch-#  b-l^ch-,  am*. 

7-7/9-lnch-dieawU«r  *^oIea  reoeiof.  froa  5  ^  >20  feet 


deep  for  instrument  and  sand  column  insteLLlations  for 
Pro.iects  1.2,  1.3,  1.9,  and  3*2;  (2)  make  preshot 
determina  tons  of  strsti  rt  type,  moisture  content, 

density,  stren;?th,  and  con5)ressibility  of  the  in-situ  soil 
*0  a  maxiiaum  depth  of  375  feet  for  Projects  1.2,  I.3,  and  3.2; 
(3)  determJjie  as-placed  density  and  water  content  of  silt 
backfill  placed  in  large-diameter  Instrumented  holes  and 
around  structures  for  projects  I.3  and  3.2;  (4}  determine 
as-placed  density  and  water  'ontent  of  send  Vackfill  around 
structures  for  Projects  3.I  and  3.3;  and  (5)  mal:e  postshot 
ceioiinlnatlons  of  moisture  content,  density,  strength,  and 
con^reaslbillty  of  the  ia>situ  soil  to  a  depth  of  3C  feet 
or  Project  1.3. 

The  specific  objectives  were  acooiqpllshed  by:  (1)  drilling 
holes  by  rotary  drilling  methods  for  the  installation  of  instru¬ 
ments  and  sand  solumus;  (2)  obtaining  undisturbed  and  remolded 
eau^p ' es  of  the  In-aitu  toil  from  borings  and  pits,  and  testing 
the  samples  la  the  laboratory'  and  the  field;  (3)  performing 
penetration  and  plate  bearing  tests  in  the  field  on  the  in- 
situ  soils;  and  (4)  performiiu,  water  content  %'vl  density  teats 
during  the  plaosiuept  of  baoHrXH. 

1.2  BACXanOUND 

Rmprasantatlves  of  all  afanelaa  partioip''ttng  lui  tii- 


projects  were  contacted  to  estsbllsh  i^clfic  soils  survey 
requireasentc  and  to  detewlne  optiHuin  method?  ■'•or  drilling^ 
Qsn^U'A^t  and  testing  the  soi^s. 


2..2.1  Correspcndenee  and  Qoni'erenees.  The  soils 
program  conducted  by  the  U»  S<  Amy  Engineer  Waterways 
Experiment  Station  (WES)  was  initiated  and  fozmdated 
through  the  following  letters  and  conferences:  (1)  Slspo- 
.'itloc  Fora#  dated  22  Soptantoer  196l>  subject  "Weapons 
Effects  Ps.r*^lcipatlon  iu  .uturc  U.  S»  :iuw.^-:ar  Tests  (U)>" 
from  Ofilcej  Chief  of  Bessareh  and  Development  to  Office^ 
Chief  of  Engineers  (OCB)*  ATTN:  EIKaiD-8B>  Vashlngtoa> 

D*  C*}  (2)  letter  dated  11  Ootober  1961*  sibjeot  "Department 
of  Dhfsose  SoMdule  NOUQAf  Barits  (U)***  from  DA8A*  fC* 
Albuqusrqpe*  Bnr  Nndoe  to  the  Dlxeeter*  VM*  Vlokifburfir* 
Nlssisslppi)  (3)  latter  dated  20  Ootohar  1961*  suhjaot 
"Vaapoos  Bffiota  rartlelpatioo  in  future  u*  8*  Mualear 
Tuata  (0)*”  from  the  Dlxaator,  MB,  to  001,  ARIt  OORMB, 
yaahlBgtom,  o*  0»t  (M  latteA-  oaUd  2;  Ootehar  1961, 

"tiojaat  Propeemle  fhr  Futuca  Va^posa  testa  (a)," 
trm  tlM  Dlraetor,  MB,  VloiuhuxB*  Nlaalaslpfi,  to  0(9, 
umi  ■no-BB,  WMbiBgtdB,  S.  C.;  (9)  MIB  flanal. 
ooBlteaBaa,  86^  Oetchar  1961  a*  BIBB  BamlBwaTtar^ 
yaattaftop,  0.  O.)  (6)  frajaet  BOV  IB  Hioi,  B-a 
Mtnaqr  1068  st  IB{  aad  (7)  tefcwnil  aornfarahMa  at  vn 


with  Program  Directors  and  Pro^iect  OffJ.cers  before  end 
during  construction  to  determine  the  soils  survey 
requ:lrferient8  of  each  project  and  to  arrange  schedule', 
mv*tl.udsy  cuid  proceCures  to  accoo^liah  the  reqaireiventa 
of  each  project  on  schedule. 

1«^»2  Projects  and  ReQuirenents*  A  aunnary  of 
projects  and  agencies  and  their  requirements  involving 
joll'survey  support  is  given  in  Table  1.1.  ihe  instal¬ 
lations  involved  fall  iii.o  these  groups:  (1)  shafts 
or  holes,  instrumented  aud  backfilled;  (2)  wall  footing 
and  latsrlor  footing  strueturea;  (3)  buriad  modslt  of 
cooersts  aroh  and  dome  atruetursa;  and  (4)  buriad  aodala 
of  steel  aroh  atructurea. 

The  borings,  as^pllng,  and  testing  aeaoqpUahed  to 
fulfill  the  soils  survey  rsqulrsasots  of  Iho  projsets 
listed  in  TUble  1.1  are  suHsarised  la  Thbla  1.2» 

1.8.3  aoila  Burvey  Plaa»  Ooaiidtnhla  soilidata 
vara  avalUbla  od  tha  charaueeilatiea  of  the  sUbwrfaee 
soil  at  tf  tnm  the  aoils  survey  ocnduetad  by  WM  torfiig 
«ho  period  Uay  ti«roi«h  OotoU  r  19S7  for  Shoi  rrtscUla 
Qparatloa  Plutttibob.  the  gio.ad  saro  of  Shot  Small  u.. 

vaa  sibout  8,900  feat  M  of  IBiot  Prlaelifo 
frouBd  taro  and  vaa  in  tha  mm  » «sMral  tji,  t  of  Mil 
foraatioa. 
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Bie  OperatioQ  Plambbob  Soils  Survey  had  established 
that;  (i)  the  w  area  is  .v  dry  lake  bed  (playa)  located 
iu  an  intexv/>ntane  baslr*.  with  a  closed  outlet  and  is 
asioota  and  flat  over  an  area  of  approxinately  3  square 
miles;  (2)  the  playa  soil  in  FP  la  a  fairly  uniftru  silt 
fozmation  extending  belov  a  depth  of  200  feet;  (3)  the 
in  altu  dry  density  of  the  soil  varied  from  65  to  101  Ib^ru  ft; 
(U)  the  water  content  of  the  soil  varied  from  10  U  21  percent; 
(^)  the  sectulus  of  deformation  was  geneiaJLly  about  6>300  psi 
for  ttie  in^sltu  soil  and  about  the  smbs  value  for  the  soil 
coapacLed  at  a  water  content  3  percent  dry  of  opttnum>  using 
standard  Proctor  aflbrt*  lhaae  soil  data  were  adequate  for 
the  Initial  eoU  date  requirsMate  of  ellSmaH  Boy  projcetc* 
Sinoe  ^peeifle  soU  test  data  were  required  for  Small 
Boy  ?KMnm  1  end  3  at  ornear  the  various 

project  installations  before,  during,  and  after  ooostruetion 
of  project  Inetellatloos,  Piojeet  1.8  wlls  eurvoy  was 
divided  into  tiureo  phases:  preHoliiaiy,  instsllstlon,  and 
posttest. 

ph^ss.  Ouring  ttis  prslialnsxy  phsss,  prior 
to  ooostruoHoa,  stibsurfsos  soil  s^ylomtioos  ware  nnle  for 
Projsets  3  . a,  1.3#  dod  3»«  tgr  nesns  of  «Ut  qpoon  U  *  ^s, 
ladistouhsd  sMplo  borings,  and  stsi.e  plsto  benrlsg  teats. 
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The  split  spoon  borings  provided  pcnetmtion  resistance  data 
on  Utv  Ill-place  soils  and  disturbed  ssi^ples  for  vI^uaI 
clajslflcutlu't  laboratcrv  classllicatlon,  end  water  content 
detenauations*  'Jie  undistuihed  sample  borings  provided 
sauries  for  visual  classification^  laboratory  clai^ftiflcatlon 
tests,  water  ctmtent  and  density  detexi&lnations,  consolidation 
tests,  and  trlaxlal  compression  tests.  The  load  beaching  tas'us 
provided  static  load-bearing  data  on  the  undlsl.'.:bed  ii\-situ 
toil.  Density  and  water  content  samples  of  tiu.  In-sltu  soil 
vere  obtained  adjacent  to  the  bearing  plate  before  each 
beariirg  ast  was  perfOxned.  Field  operations  for  the  prelimlnaucy 
phase  were  initiated  on  23  February  1962  and  conpleted  os 
dune  1962}  Idboratoxy  testa  for  the  prellsanazy  phaee 
completed  00  12  Ootobar  1962* 

Installatloo  pbasa.  During  the  Installatioa  phase, 
danst^  and  water  oontant  detarainatlona  ware  made  In  the  field 
00  oompaotad  backfill  during  batitfllUng  oparatloos  far  Projects 
3*lf  3*2*  and  3»3i  ohA  holss  for  the  Installation  of 
lustrumanta  and  sand  coIumw  ware  drlllad  for  Projaotu  1*2,  1*3, 
1.9,  and  3*2*  Plaid  opmtlona  (  i  tbc  installation  phass  vara 
Initiatsd  on  a6  P^ruaxy  1968  ana  oomplotsd  on  3  July 
Fosttost  Phase*  (Jodlstuibad  Moiplo  borings  ware  r  < 
sUbsaqusat  to  the  tfiet  fOr  pvojoet  lt^»  Sssta  ou  the 


.1 


saB5)le8  obtained  rrom  these  borin^js  provided  data  on  the 
iii-situ  soil  characteristics  after  the  shot  for  comparison 
with  +Ji  •  in-situ  soil  oliaraccs.  xstics  before  the  shot. 

Field  operations  on  the  posttest  phase  were  initiated  on 
^  November  1962  and  coii?>leted  on  h  Fcbi-aary  1963;  laboratory 
tests  were  completed  on  1  April  196’ . 

The  location  of  all  borings  and  field  tests  for  instal¬ 
lations  and  structures  where  soils  survey  supiiort  was 
furnished  are  shown  in  .re 


100  ft  to  375  ft 


:wui  i.2  stMiAR;  OF  son.  bomibs,  swlmu,  aito  resTWo 


rivld  Sap^liag  and  la  Situ  T»ttin£ 

Field  Ttitlag 

Laboratory  Teotln^ 

H^llalatry 

5  berinff,  T-T/O'ln.-diiaittr  Fro* 

75  eluti  .float  ion 

1?  dens;  ty  wv^  v«fer 

100  to  375  »*,  dMir: 
undlvtuzboO 

71  vavtr  eoaVmt  daumlpattons 

detenilnatlcna 

9  consbildalloa  at  natut'ail 
water  content 

10  triakial,  UU(4)>  'i^ltlple 

1  baring,  '•l/i-tn.-41utor,  Ui> 

^  1*0;;  gen*r*l  Miyilot 

Viiua'  claMllieatlooa 

NDne  .inquired 

3  bo.  *ngo,  6-ln.-ltiintcri  ^  i'*  .<«•; 

required 

Bona  required 

pTcltatna:^ 

4  bnrlBf..  l-l/i-tn.-iltmti.. , 
jO  ft  do«p:  eoatlnuouo  undiotuibod 
uoplr* 

Vlaual  elaaetfleatloa 

Bone  rtquirtd^*^ 

Iniullatlon 

3  borlngo,  7*7/u-lB.-41n»it«r, 

5*7  ft  d««p:  7  uadtoturbod  oM^ltn 
Fioa  nah 

Vltual  eXaasirioftlon 

21  elaK4>irteatlon  and  water 
content  detex«lnatlona 

5  eonaolidetlon 

5  trlaalal*  eonatent  atreaa 
ratio 

.1  bortsi,  7-7/6-lii..dt«iott«r,  30  ft 

Bona  raqulrad 

None  required 

U  mw  oonttot  mvIm  for  bookfll. 
Mtortol  oontrot 

)l  wator  oQstoat  tetanilaatlOM 

Nm*  required 

U  dMdltji  M^aa  for  oovnettaa 
•ootnil 

Ik  doaalty  and  water  oeataat 
datOMinatlcne 

Com  requlreU 

Bene  reqiu  ■ 

>'  requlred^*^^ 

VBittaai* 

1  borlniu.  7-7/B>la.-di«ntor,  30  ft 
dmp;  oaatinutun  uBdlitiuboO 

Vleual  elaatlfleatlvn 

bertn«,  7*7/S>ln.-«taatUr,  77  ft 
dots;  coBtlniiout  undtdtuibod 

Maflu  U  30  ft!  ■>  bbler 

tfUual  c^aesineatloo 

1  bonng,  T-7/8>ta.-41w*Ur,  «l  n 
SMp'  3  'vdlotjfbtd  uv7*n 

Vltuai  elawifliMtiao 

3  dereity  aad  water  eontent 
detendMtteae 

^  w4M4ll*tabiutl 

3  trianial,  ooaatant  atnaa 
ratio 

1  banati  r-T/6>ln.*dtaHtor,  78  ft 
dmpt  no  M^Uo  (Obulnd 

Bm*  raqulnd 

lam*  ragutiad 

InuftiUUoA 

18  borintit  7-T/^in.>«i«Kt>r,  10 
to  Kl  ft  4««st  M  Mi^ti  ntulrnl 

Itoat  rebutted 

llao*  ratutrad 

UliftiitUOA 

IT  tauitgr  aa^fn  Oar  aa^aettan 
aoDtnl 

IT  dBMlIy  lAd  wattr  oeataat 
dotamiMtton* 

leaa  ragutrad 

4  bort  gk,  3-4,  C-U.~dlta*t*rr  51.5 

n  taaoi  U  gaMnl  ailia  wt 
faaatrtUao  raotaanMoa  oar  barta« 

Ti  bobor  aaobaio  drtaiblii*!!.'.-.! 

T<  otDObtiUa*  loatstaoaa 
dotoMoaaloM 

■taw  laantrad 

4  taat  t(ta»  5*  s  5'  *  5‘  taoo 

4  land  kaorUt  4aa4a 

6  daaatli  lad  aa4ar  aaaaota 
dttwMiaiSMa 

dtaa  raavlrad 

4  bartasaa  T-T/B^a.^Oaitori  1(  ft 

8  alaattflaattaa 

8  trUalrlr  Wid).  aalttrir  state 

8  aaoMUdattiOt  8  wabAflaad 
•mjwirtBB,  8  raid  ratla 
dataridaatldait  4  laaaini 
amatla,  8  4»dif4ar  MliaU 

llltfUlUitM 

•aaoi  (  vMUat'Aibat  awQlaa  $$r 

iMirUo 

8  Tatar  trntaot  datamlw liana 

150  b*rte«at  l>l/lt«ta.<<l«««or. 
l<l/l  40  U  n  iaav 

Maa  roaalrad 

Maa  raoMcaa 

14  danatty  aavlta  of  to  alu  tau 

14  daaatli  aad  aatar  aartaal 
dataiataallaat 

Mat  lagHliad 

iHtUlUilW 

do  dnMltjp  aavlaa  for  aa^atllao 
oaotrol 

do  dtaalijr  aad  aolar  aaataal 
dt4*ndaa4ldaa 

■ana  nanlrfl 

bt»4lUUi4«l 

<8  daaalty  laapUa  Oar  aitaiilt 
owtrol 

48  ddaattjr  aad  at4»  raaltaa 
dadanliBitaat 

3i(/SI4«4,P«T« 
,^-JI/St4 M.m  T 


-J1/5i4  0a.»IT5 


^  ^^J,l/|H4..*,WT4 

^-JV4*4.0I,WTJ 


-#l/ftl4.Wtt,*'>l  4 
-4  )I4  0A,^*VI 


t*/tSONW-^ 

•  •/•ONW  O 
•  •/TOWW^ 

I  t/40M«  ^ 

it/MNW - 

t  f/44Mw- 
IVHMW' 

I  »/!•««» 

»  J/S6XM 

** 

I.VMJ.M- 


tf/OZ  414/SH 
if/IOM 
l•/|>SC 
^•t/40»I 

~  i  Ufu 
xt  -If/lOU 
\  -  »t/lZO»K 


t  44»»9  <1 


^  K- 


-It/lftO 

'l.t/106 

>  Z  'm* 


4 


;:i:^ 


It^U' 


Nw>jfeT  *»  W4wh  raotiM. 
|f»VevuM.  iT«TKi'«  4ll4t 

'H/J4e 
Jll/t|»>  4»T  » 


Mtl 


!sns»i 


* 

•  MiVlIliMM 

•  dmiMtlM*. 

0  *r«Mt0Mm 
0  «i*tt0U0«0tt0tl 


■^•'smjfc'rMPwv'wc*^*' 


10 


*S* 


P^rt  1.1  naa  of  htiiaf,  ttfootura.  aad  pll  Uwatioaa. 


<0 


CHAFCSR  2 


?leld  and  laboratory  operationa  and  procedures  used 
for  canpling  and  testine  of  soils  tbrou^ut  taxs  project 
are  described  in  this  chapter* 

•l^ia  soils  survey  project  officer,  drill  crew,  lal-  -atoxy 
technicians,  and  all  soil  exploratloik  and  teutina  equipawat 
vere  fumlshed  by  VES*  A  headquarters  operattors  office  was 
set  CP  at  Cssv  Mercury,  MIB,  and  a  field  laboratory  was  eet 
up  in  a  van-type  trailer  in  IF.  Field  exploration  end 
testing  equlpasnt  used  on  the  project  Ineludad:  (l)  a 
truok-«ounted,  rotary  drill  rig  and  aoceseoxy  drilling 
equipsMnt}  (2)  apparatus  for  dstandnlng  In-plaos  density 
of  soil}  and  (3)  load  bearing  tast  apparatus.  Vm  flald 
laiboratoiy  was  aqmipped  wltii  tbs  nsosssary  tasting  squip- 
nant  for  ths  datsminaition  of  vatsr  eentsnt,  gradation, 
AttsxOarg  Halts,  and  dassitgr  of  soils.  Bagplss  for 
strsngth  and  oonsolidstlon  tasts  wars  iaatad  by  Mat 
HIS  anils  Ubocatoay  in  Vlcksib«.rt* 

2.1  tOWIff  AMD 

Flald  boring  and  «9loraUsn  iaalndsdt  (1)  ua*'  .  .‘dlMd 
laMfIs  bMings,  (2)  grUt  «ooa  s««ls  borings#  (3)  gaiaral 
(distnibsd)  satpls  bovL  ga,  (%)  bolaa  for  laotxMnntatiMi, 


and  (^)  In-situ  and  cooq^action  control  density  san^les. 
Data  on  ell  borings  end  *'5  eld  t-eata  perfnmed  ai-e  nhown 
5-i  Table  2.1. 


3»1«1  ’J^dlatuibcl  6»lneh-DlaB>eter  Samples.  Ubdlstuzbed 
u>ln(di-dianeter  saaqples  were  obtained  from  borings  for 
Prajects  1.2«  1.3i  and  3*2  with  a  truck<4K>unted  rotary  drill 
rig  using  a  6<lndi  by  7-3/4-inch  diameter  double-tvibe  core 
barrel,  a  basket-type  core  lifter,  and  a  special  bottom 
discharge  core  bit  set  «1J:  carboloy  inserU'  as  shown  in 


Figure  2.1.  !Ehe  bore  hole  was  reamed  and/or  advanced 
after  obtaining  eadr  naigple  with  the  7-7/8-lnch-dianatar 
thrae-way*  eaiboloy  Insert  drill  bit,  followed  by  a 
7*7/d-lnoh-diaaeter  guide  (Figure  2.2).  The  cuttings  were 
removed  from  the  hole  \qr  oosyresaed  air  aa  the  oorlng  or 
drilling  progrtsaad.  tte  laigplss  ware  removad  from  the 
core  barrel  as  dhown  In  Figure  2.3.  A  maaU  spdolman 
was  cut  off  the  bottom  of  eadi  amgple  and  aaalad 
in  a  pint  glaaa  Jar  for  uaa  in  aaaing  water  eontant 
detMNliiatlaaa  and  elaaalfloatlon  taata.  Imob  umdietusbad 
aa^pla  waa  plaead  on  a  grooved  koodan  bloek  aa  Aown  in 
ngura  2.4,  a  7-lnoh-diama«er  iArdUtard  t«(ba  waa  pla.w: 
over  tiie  am«le,  aik*  the  amnuler  oaee  betweao  the  aa<r'e 


and  the  tifta  wma  than  filled  wltt  r-ited  pan.?fln  mnd 


► 


Biexoczystalliae  vax  «0  shown  Ir  Figure  2.3.  After  the  vex 
had  hardenedi  the  undist'Jihed  were  peniceA  in  nushlor.- 

ing  BMitertal  in  wooden  ehippicg  boxes  and  flipped  to  the 
VBi3  soils  Ishcratozy  in  Vidrsburg. 

2.1.2  aplit  Sfeer^n  Sswglee.  Split  spoon  samples  were 
bbtaiaed  for  Projaet  3*2  bp  driving  a  2>indh>outside- 
dlsmstarj  l-3/B*iadi-inside<diamatar  split  spoon  sampler 
I3  inohes  into  the  ln*sltu  aoil  by  means  of  a  ihO-pound 
hmnar^vith  a  drop  of  30  Luohas^oparatad  b;  msanscf  the 
eathaad  on  the  drill  rig.  The  borings  were  advanced  between 
samples  by  conventional  rotary  drllUng  methods,  using  a 
three  esy,  S-l/a-lneh-dlmwtar  oarteloy  insert  bit  for 
suttlat  the  aoil  and  ooavrasaad  air  for  rcaoviBg  the  euttlogn 
from  the  hors  holm.  Qpllt  tfoon  a«ples  were  ssaled  in  pint 
glism  Jars  smd  storsd  in  thm  fisld  Ishontory  for  tsatlng. 

a«l»3  Osnarml  8— Iss,  0ns  s^plormtory  boring  wss 
mrnis  for  nojoet  1*2  in  widsh  gsmorsl  (disturbed)  soil 
ssmplts  more  takmn.  Iho  boring  was  mdvsmesd  ifith  a  ihrsa- 
way,  3-l/g«insh«dtMWitsr  ouAoley  iasort  bit  to  the  dsptt 
at  ehieb  ttm  ssapls  mas  doal<>id|iBd  all  Otettiags  ears 
rawist  eilii  ooimaissd  air  e^d  esstsd.  As 
tbM  sAvanasd  1  ftit|SBd  all  sottfags  fras  Ai*  v 
psastnMou  asrs  aasAt  sad  n  rspr '  asatstivw  ssmpls 
saslod  la  a  pjit  ^ass  Jar  fbr  Istar  tsstiag* 

ti 


Density  Saaples.  Density  sanples  were  obtained  by 
means  of  two  types  of  density  saivling  ia>paratas.  Samples  of 
ccw^acted  fine-grained  bacsAiu.  aterial  used  oa  projects  I.3 
and  3.2  and  ^cnyleb  of  In-situ  undisturbed  soil  In  Rroject  3.2 
4  Us  veto  taken  by  means  of  a  drive  sampler  apparatuc  using 
3-ineh-iiameter«  3-iadi-long  steel  sample  tubes*  Die 
samples  were  removed  from  the  tubes  In  tie  field  and  tested 
imandiately  •  Densities  of  the  compacted  Sana  s  aukfill  used 
on  Projects  3.1  and  3.3  detewilaed  by  '"sans  of  a  box 
density  ssnplsr  spparatus^  since  conveationsl  tvcSmiques  lor 
density  dsteimlnatlons  oould  not  bs  used  on  these 
cohesionless  ssnds*  B»a  Integral  parts  of  the  box  aaaplar 
-10  dhom  in  Wf  dra  2.6.  B»a  aMVlt  box  was  pushsd  Into 
the  oosiwetod  mA  bMkflU  until  the  top  of  ths  box  was 
stout  flttOb  with  the  surfaes  of  the  baekftU.  *>•  trowel  (■) 
nM  usto  to  nwva  mAl  ttm  under  tha  box  fiances  ae  the 
box  waa  fMoad  into  the  soil,  ^pnoar  tort  (D)  ware  than 

fastanad  to  the  flaocod  top  of  t?  -  box  .rlth  tho  mpaotr 

^109  bloaln(E)leprQwUlta  2-lMh  oxtootiott  stove  tho  top 

of  the  bjx*  B»o  oloma-out  tw?*  (B  ood  C)  naod  to 
Noove  tho  JoU  from  tho  box  v  a  oopth  eontroUod 
IpitiCa  odpao  on  tho  tools  oootootlnc  tt>e 
bars,  ifco  boar-lib*  tool  (O)  wat  ur>l  to  ram*  ?  the  grr-a*r 
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portion  of  the  soll^and  the  blade  tool  (u)  was  then  used 
to  ensure  remnv&l  of  the  rest  of  the  soil  to  n  -niform 
depth*  All  soil  reaov^u  In  .s  first  operation  was 
discarded.  Tfee  spacer  bars  were  then  takeii  off  end  soil 
for  the  density  sample  was  renoved  progressively  froo 
the  box  in  the  saae  manner  to  the  unli'otm  depth  controlled 
by  the  clean  out  tool*  This  procedure  mitde  it  possible 
to  obtain  a  easple  of  Known  in-place  '/olume*  ri^^kre  2*7 
sbowe  the  soil  being  r?-ne  ad  fivim  the  se  ]'ler  box  afuer 
the  spacer  bars  had  been  removed. 

2.1*5  Instrumeptatxoa  3olee*  Holes  were  crllled 
to  various  depths  for  Projeota  1*2*  1.3«  1*9»  end  3*2 
(Or  installar-too  of  aaad  oolumna  and  vorloua  types  of 
instruMototloo  davieoe*  InatnaKatatlm  holes  vsze 
cuDlsd  for  Reojoets  1*3#  «id  1*9  Msns  of 
the  txuekHRMntso  retoiy  drill  rlf  by  uat  of  ttie 
7'7/8-iiMh-diaMtor  ttets-wy  eoiboloy  issm  drill 
bit»  fOlXdMsd  by  tbs  7-7/8>i'*^ ’<^tMNt«r  eulds  iboim 
is  Flfure  8*8*  *Mistuibid  6-lA«b-diiWtor  swplss 
SOM  obUiosd  froB  SQM  of  th#  lastroHM  h:lts  ty 
^  iwMed  dftserfbod  is  8*1*1*  ]bstno»>'t^<»H(w 

bolos  SOM  dfiliod  torPsojoei  X«8  ottb  s  ter 

lMB*t|8S  tMMd  aufer*  SwtVUMBtstUO  blhVe  vof*  iA  jM 


for  Project  3.2  with  a  I-I/2- inch -diameter  carboloy  insei't 
drill  bit  rotated  by  a  l/2-horsepower  electric  motor  through 
snecial,  "*.o40-inch“oui,6ide-dia*.oter  drill  rods.  Ail  cuttings 
were  removed  fnm  instrumentation  holes  and  sand  columns  by 
oonqprcssed  air  as  the  drilling  progressed. 

2.1.6  Identification  and  Shipment.  Borings  and  pits 
were  Identified  by  numbers  assigned  by  project  officers, 
as  shown  in  Table  2.1.  Ssn^les  taken  from  b^riugs  and  pits 
were  additionally  identif ie ;  by  cample  numbo"  and  depth 
below  ground  surface.  Sandies  shipped  to  the  WES  soils 
laluratozy^  Vlckbburgf  for  testing  were  processed  throu^ 
Had-Safe  and  the  SOD  Support  Group. 
o.P  pms  TEbIS 

Teats  parfomad  in  the  flald  included  penetration 
resistance  testa  and  load  bearing  teats.  Tsabs  perfbmed 
in  the  field  laboratory  were  claaalfloation, 

Atf-rberg  llmitsi  water  content,  and  density. 

2.2.1  Panetratlon  Eealstcaub.  Peuutratlon  raaistance 
testa  were  made  in  oonjunotlon  with  the  sp^lt  spoon  sss|»Ta 
borings  (Parsgrsph  2.1.2}  by  r.  wording  ths  nuausr  of  blows 
required  to  drive  ths  sailer  each  d'lnob  iftorament  %,  •:  .1 
l6>lnob  penetration.  Bmss  tests  were  perfOnad  to  t.t.t  *b 
data  on  the  relative  penetratioa  reF'Stanoe  o' ^s  soil 


with  depth.  Die  runiber  of  blows  for  sampler  penetration 
from  6  to  10  Inches  was  '.’sed  to  e^tpress  the  penetration 
resist ar.o^  In  terms  of  number  02’  blows  per  foot. 

£.g.£  Lo-;d  Bea2.1ns.  Pour  load  bearing  tests  were 
performed  for  Project  3.2.  A  ptt  was  first  exr^avated, 

5  feet  square  and  5  feet  deep.  A  21-  by  13-lneh,  127- 
pound  I-bea0;  17  feet  loog>  was  then  centered  aoroaa 
the  pit  and  bolted  to  a  pair  of  channel  beaib:')  anchored 
at  each  end  by  tvo  10-luch  diaaeter  soil  sii^iora  attached 
to  10-foot-longi  2-3/8-lndi-dlaaetar  ateae  as  d^own  in 
Plgui<>  2.6a.  A  1-foot-square,  1-indi-thiok  steel  plate 
was  seated  flxnly  on  a  l/k^iadi  layer  of  fine  sand  In 
tut  center  of  ttie  bottoa  of  the  pit*  A  IGO-ton-capahi^ 
hydraulic  Jaeh  eqMipped  with  a  pressuTe  gis*  vaa  then 
placed  on  tflp  of  en  8-ineh-dlMeter  pipe  ooluan  (eee 
Figure  2*8b)  eentered  on  the  plate  and  Jacking  preaeures 
were  applied  against  th.e  I-baas  in  Inorsaants  of  1  or 
2  tons/sq  ft.  laoh  laexeasnt  «aa  held  until  rate  of 
settlSBsnt  hsoaas  lesa  than  1/3  ^  ^  alnates. 

the  teat  was  oontlnued  until  a  settlssnnt  of  at  leaat 
C  taohes  had  oecurvad  or  antil  a  load  of  at  lass.. 

3O  tona/a«  ft  liad  laea  mplled*  gettlSMOt  of  the  r> 
waa  nsaaupsJi  by  the  dial  gage  sppK  staa  dioin.  lu  ngura  d*6b» 


T 


2«2«3  Field  Claflslflcatloo*  All  sauries  vere  classified 
in  the  field  visually  and  Atterherg  limits  tests  vere  ; erfoiiaed 
on  selecUd  saoiples*  The  cation  vas  based  on  tlie  Ciczps 

of  Br^lneers  Itaified  Soil  Classification  System  (see  Reference 

1). 

2»2»>»  Field  Density  and  Water  Content*  Densities  of 
both  the  In-sltu  undisturbed  soil  in  the  pits  and  of  coqpacred 
fine-grained  backfill  materials  vere  detemined  Lt  the  field 
on  samples  obtained  with  the  •irive  sampler  aTraratus.  Densities 
of  compacted  sand  backfill  vere  detavained  on  aasplea  obtained 
with  the  box  density  aa^plar  apparatua^ since  convencional 
taohniquasj  such  as  the  sand  cone  method  and  the  balloon 
t-^fthodf  oou?.d  nul  be  used  in  thasa  dry  eohasioalats  soils* 

Ita  vatar  content  of  tha  dnsitjr  samplat  vas  dataxainad 
in  tha  fiald  laboratory  by  drying  vaigbad  quantitias  of  the 
■atarials  in  pana  evar  dlreot  hast* 
k.3  lABOHOOnr  S8B 

fbata  parfbraid  by  tha  vn  aeile  laboratory  in  Vicksburg 
tacludoA  alasaincaUca,  dsnsity*  vater  content^  concoMdatlon 


I 


SI 


testsjf  uaconxlned  eoiopresolon  te.'jts,  and  trlaxlal  conpresslcn 
tests. 


2.3. 1  dasslflcc.tlon  Tests.  Classification  tests  were 
perlttnKd  on  material  from  selected  undistuiiied  seuqples, 
including  mechanical  analyses,  Atterterg  limit and  specific 
gravity  tests,  using  procedures  described  in  Reference  2. 

2.3.2  Density  and  Water  Content  Determinations.  T^on8ity 
and  water  content  teats  were  made  on  selecte«l  vtndistuxbed 
uaj^les  in  the  soils  laboratory  to  determine  in-situ 
characteristics  of  the  soils. 

2.3.3  Oonsolldation  Tssts.  Consolidation  tests  were 
perftoned  on  uadlstuxbed  soil  sanples  to  determine  the 
oo^pxesalbllity  aharacterlsilas  of  the  in-situ  sgile. 
rixad-rinc  oohsoUdosMtersf  using  gpeolaens  2.$  Inehst 

in  diawter  and  0.7$  indi  thick,  vert  used  for  all 
oonsoUdatioB  testa.  Qte  speoSBans  vers  tasted  at  their 
neturel  water  oontenta|and  uo  water  was  Introduoad  during 
the  tests* 

freesduree  followed  for  the  ecnsolidaticn  tests  vsvs 
dsvelop.id  as  a  mult  of  03qpa«lsnes  gainad  during  parfomnoe 
of  tha  initial  phase  teste  oondueted  on  IF  so'tl  for  Operation 
PlumbiMth  iwject  3*0  In  ISTT*  Speclasns  tested  v«  ‘ 
trisMd  in  the  hunid  teoi^  eseeAlaJ  in  the  eensolidoaeteref 


and  placed  in  the  loading  frame,  Oie  load  increments  were 
applied  at  8-minute  intervals;  each  test  required  about 
4  hour?,  to  coBiplete.  bi.c'‘\,uen8  were  loaded  to  25 

ton/sq  ft,  unloaded  to  the  tare  load,  loaded  to  ICX)  tons/aq  ft, 
and  unleaded  to  the  tare  load.  Other  specimens  were  loaded 
to  IOC'  tons/sq  ft  and  unloaded  to  the  tare  load,  ISie 
apparatus  wets  then  disassenibled  and  the  final  water  content 
of  the  speeiiaen  detetmlued, 

2.3.4  Unconfined  Conr-tassion  Tests,  iliconfined 
cosqpression  tests  were  made  on  selected  undisturbed  samples 
by  the  controlled  strain  method,  using  standard  procedures 
described  in  Reference  2. 

2.3.5  Uaconsolidated»»Uadrained, 


Multiple-Stage.  Qie  sedtil^le-Btage  vmoonaolidated-undxeiiieA 
(q)  triaxlal  teste  were  perfoxnad  to  datanine  the  sheer 
strength  of  the  soil  tested.  AU  test  apeoiMus  vara  trimil , 

In  the  hunid  rooa  to  a  dlanatar  of  1.4  inbhaa  and  a  hali^t. 

*  )  * 
jj. 

of  appxwdMtaly  3  Indiaa.  Ihe  ^eata  vara  parfonsd  at  ^ 

.e.  1 1  ■ 

a  eonstant  rata  oT  strain.  Sm  nultlpla-staga  preoadura 
was  used  so  that  the  altaar  s^rangtt  eusva  ooi'ld  he 
froa  a  single  wpaeiaan. 


Ih  the  aultiplaoatata  ptooadura,  an  initial  l«r  .<r  I 
prasaura  was  applied  to  test  gp^oinan  the  verti 


SO 


■T- 


load  vas  increased  until  failure  was  inmlnent  as  indicated 
"by  the  curvature  of  the  stress-a^al  strain  plot;  then 
a  higher  lateral  press'*.-  t'  ^lied  end  the  vertical 
load  vas  Increased  until  failure  vas  a^ain  iimnlnent. 

Finally,  a  third  (and  sometineo  a  fourth),  still  hi^^er 
lateral,  pressure  vas  applied  until  failure  occurred  under 
Increasing  vertical  load*  Except  for  the  use  of  the 
multiple-stage  procedure-  the  test  methiMl  corresponded 
vlth  the  procedure  for  trirtlel  tests  described  in 
Reference  2. 

2«3.6  Triaxial  Tests:  Oonstent  Stress  Ratio.  Constant' 
stress  ratio  triaxial  testa  ware  parfoxmad  on  undisturbed 
apaoimsna  at  ^  coaatant  rata  of  attain  to  determine  the 
atraea-atralB  diaraotarietioa  of  the  eoll  tested,  laet 
•peotnans  l»k  laohat  in  dlemetar  and  epproxiaataly  3  Inohaa 
big^  vara  used.  After  the  ^peolMms  bed  been  placed  in 
the  teat  qpparmtus,  an  initial  lateral  coafinlng  pressure 
aqulvaltot  to  the  axlatlac  ovaxburdw  prassurt  in  nature 
vas  anpliad.  inormas<"»?  of  davlator  atraaa  and 

additional  oonfining  praaaura  vara  ippltad  at  a  ratio  of 
4  to  1.  The  ratio  of  proved  ad%uata  in  that  the 
iVa^MO  amMiaUgr  did  net  fidl  at  this  ratio.  Bxr  y,. 
for  Hm  uaa  of  the  oonatant  atraaa  ratio,  the  oond-;'.'. 

of  the  teat  foUovad  t^a  prooadura  daseribad  for  tvirdal 
taata  in  Refavaboa  8. 
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Ufore  2. 1  View  or  roti  y  drill  rig  ihowlttg  d  liy  tVrlndi-diaTueter 
dMUt-kbo  oort;  ^rrtl  aada  ipaolal  bottom  cttMtergo  eoro  ult  ool 
wltti  otrbbloy  ioforto.  (i;«ASA*t»5(KOU-«ll-oe)M1Cf-fttp^ 
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■ofi  f^wnJA  from  core  barrd.  (DASA-29-08-NTS-63  photo) 
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Figure  2.8a  Load  bearing  teat  apparatus.  View  showing  reaction 
beam,  anchor  beam,  reference  bar  for  settlement  gages  and 
hyoi'aulic  jack.  iDASA  516-4-NTS-62  photo) 


Figure  2.8o  Load  uetriny;  test  apparatae  View  ahowlBK  last  pit.  pipe 
coiunm,  settlement  and" rsaaure  dial  gagca,  and  hydraulic  Jad(. 
(DASA  S16-&-Nl'8-e2  photo) 
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•"A prop  3 
RESUL'l-S 

3.1  PROJECT  1.2 

Five  uadlsturted  sample  l^oringa  and  one  general  (disturbed) 
saqple  boring  were  required  during  the  prclimlnaiy  phase  to 
obtain  soil  saiiq>les  for  testing  to  detci-mlne  uk;  pretest 
characteristics  of  the  sub'  ^rfac*  soils,  ar._  borings  were 
required  for  Instrunent  holes  during  the  installation  phase, 
lesis  were  perfonaed  on  selected  saiqples  in  both  tne  field 
laboratory  and  the  WES  oolla  laboratory  in  Vicksburg.  Ihe 
locatlona  cf  the  holes  are  shown  in  Figure  1.1. 

3.1.1  Prallhlnanr  Phaaa.  A  total  of  6l  undisturbed 
saiqples  and  1  ganaraJL  aaapla  ware  Obtalnad  from  borlngu 
l.S/OZ,  1.2/75'i  l.iv'aOO',  1.2/290’,  and  1.2/800’.  Attaibarg 
llr.'.ts  and  vatar  contaats  wars  run  in  the  field  laboratory 
on  tha  genaral  aa^^le  ax;d  on  x&U.  ial  cut  from  the  bottom 
H«inle.  The  results  of  theaa  taata 
are  sboim  la  Ibble  3.1. 

Onaolldatioii  ai.d  ■uitlpl''^staj;t  unoonaolldaUi-^.*..'»l.ul 
trlaxial  teata  were  perfotwd  la  the  VIS  soils  .  ebc:.'!*  ^ 
on  9  selecW  ssHplea  froa  boring  )  ^/OKi^Qd  ^  suJtipie- stage 
trlaxUl  test  .as  perfotaad  on  one  awle  froo  boring  l.S^BOO’ . 
A  aunaary  of  the  soli  pvopartlca  obtalnad  froa  thsaa  tte.  % 
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r.  nhwn  In  Table  A  more  u'v'teuiea  summary  or  conscJ-i- 
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.atio  are  stiowii  In  Ficnres  3*1  3*2>  and  stress- 

struin  curvts  i.re  shown  in  Pigares  5.3  throuf^n  3.5.  Data 
and  C'.irves  obtained  from  the  triaxial  tests  are  rhown  in 
Fi^nres  S.'S  throui^h  3*15* 

Hie  general  sample  boring,  I.2/15O',  was  drilled  for 
use  In  planning  and  constructing  a  shaft  at  c  boring 
■incation.  A  log  of  the  uo.ing  siiOwing  sawi-.u  depth  and 
visual  clascil’ication,  together  with  tlie  distiu'bed  samples 
o'otft  .  ed,  was  delivered  to  the  1,2  Project  Officei  as 
soon  as  the  boring  was  consisted.  No  tests  were  performed 
.'U  the  sanqples  fnxa  boring  l«2/l^0'. 

InstalUtion  W»«ie.  Three  instrumentation 


holes  1.2/380',  1.2/675S  1.2/ll'jO',  were  drilled 

during  the  Installation  phase.  Al»o,  four  holes,  1.2/gz> 
1.2/75',  1.2/200',  ar.d  1.2/?;’0',  rtrlllert  during  the 
preilminoo'  i«tase  were  cleaned  Out  for  use  as  IjistruneiiUMun 

•  I  '  *  ^  ^  *p»"*  t.H 

**•**  WCCss  — .•  »  •If.'-"  •••••  “  ’ 

tihs.ct  plastic  Wid  plywood,  t  ut  ooae  sloughing  hsid  oecurred 
and  pa;-tlally  ruled  --he  hexes. 

’.2  PHOTISCT  i.3 

Instrumentation  holes  and  dnt.  on  both  pwtei.w 
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and  posttest  physical  characteristics  of  the  subsurface  soils, 
were  required  by  !•?.•  sn^  density  and  7at,er  content 

sanplcs  ">f  the  oon^iacteu  silt  ..ere  required  for  backfill 


’$* 


placed  in  the  large-'^laineter  t-nstr-'mented  holes  during  the 
instivLlation  phase.  I’ndisturbed  saniples  were  obtained  from 
12  borings.  Uie  locations  of  tlie  borings  and  instrumented 
holes  are  shown  in  Figure  3*16.  Tests  were  performed  on 
si'lected  samples  in  both  the  field  Ihborato*^'  ond  the  WES 
soils  laboratory  in  Viclsb .rg. 

( 

3.2.1  Preliminary  Phase.  Continuous  undisturbed 
Sara;  ’es  were  obtained  to  a  depth  of  3O  feet  from  borings 
iO/503.02-1,  1.3/503*03-1,  1.3/503.06-1,  and  I.3/5OJ.I2-I. 

aome  aeptiis,  ](X)-percent  eanple  recover/  w»5  not 
obtained.  As  a  result,  offset  borings  were  made  to  obtain 
undisturbed  ssiuples  at  the  depths  where  saiqples  were  not 
obtained  in  the  original  boring.  No  tests  were  performed 
by  •/SS  on  these  sas^les.  Ste  log  of  these  boringr.  ehowi'jig 
sample  depths  and  visual  clss*i;  ..cation,  together  wich  tSie 
samples,  was  delivered  to  the  Project  Officer  for  ’este 
to  be  performed  by  others* 

A  total  of  LL  undieturtbu  sasa;les  were  obtidcw  . 
specified  depths  f'dm  borings  1*3/503*05-1#  l»,/50,>.'‘' 
and  1.3/50;:.OC'  1.  Bie  undistuitad  iasvles  v  r*  shippe  *. 
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to  the  WES  soils  laboratory  in  Vicksburg  for  testing. 
Atterberg  limits  and  wter  content  deterraina Lions  ware 
made  o..  all  of  the  samples.  ..ensity  tests  were  run  on 
I'j  cf  the  1:3)1)165.  Five  consolidation  and  k  constant- 
stress  ratio  triaxial  tests  were  performed.  A  summary 
of  the  soil  properties  obtained  from  these  tests  is 
shown  in  Table  3.3.  A  more  detailed  sumujai'y  of  consoli¬ 
dation  test  results  is  shown  in  Table  3*^-  Pressure- 
void  raxio  curves  are  sh  wn  in  Figures  j.  7  and  3*1^ 
stress-strain  curves  are  shown  in  Figures  3*^9  and  3*20. 
UaLn  and  curves  obtained  from  the  triaxial  tests  are 
shown  in  Figures  3. 21  through  3* 23* 

3.g.2  installation  Phase.  One  instromentation  hole, 
3/503 w**  drilled  and  6  of  the  undisturbed  sample 
borings  drilled  during  the  preliminary  phase  were  reamed 
out  for  use  as  instrumentation  holes,  niese  holes  had 
Icen  left  open  and  covered  with  sheet  plastic  and  plywood, 
but  some  sloughing  had  occuircu,  partially  rilling  the 
hnlen. 

Fourteen  density  and  w.*  er  content  s«npleB  were 
obtained  and  tested  in  tiie  field  laboratory  fro®  ‘•i-? 
compacted  silt  be-KflU  placed  in  two  36-inch  ditif*  t  • 
inatrumea-ed  hole*,  1.3/503*0^“1  1*3/5'  3'00-l»  wt’.ch 
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were  drilled  by  others.  The  silt  was  placed  in  3-inch-thick 
lifts  and  compacted  witli  air  tanros.  Water  content  and 
density  d'vta  are  shown  in  Taole  3.5. 

3.2.3  Po^ttest  Thase.  Continuous  undistux'bed  saiiiples 
were  obtained  to  a  depth  of  30  feet  from  boride’s  I.3/5O3.O2-2, 
1*3/503. 1.3/503.06-2,  and  I.3/503.I2-2.  The  logs  of 
these  borings  allowing  sample  depths  and  viaua].  classification, 
together  with  the  saiT^vles,  were  delivered  to  tne  I.3  Project 
Officer  for  tests  to  be  po; .ormed  by  otheio- 

Three  undisturbed  samples  were  obtained  at  specified 
depUir  from  boring  I.3/5O3.O5-2.  The  undisturbed  3an?)les 
wci'e  shipped  to  the  WES  soils  laboratory  in  Vicksburg  for 
'ejtiug.  Atterberg  limits,  density,  water  content, 
consolidation  and  constant-stress  ratio  triaxlal  tests 
Wei'S  perfomsd  on  the  sauries.  A  suimary  of  the  toil 
properties  obtoined  'roa  these  tests  is  shown  in  Table  3*6* 

A  Cuiimaxy  of  consolidation  test  results  is  shown  in 
Table  3.7.  Pressure-void  ratio  wurvea  are  shown  in 

Figure  3.25.  Data  and  curves  obtained  from  tlie  triaxial 
tests  ore  shown  In  Figures  3.10  Uirough  3*^* 

Borings  l.3/50:.06-2  and  1.3/503.'>9-2  were  Ic  ■  • 
and  covered  '/1th  sheet  plastic  and  :  .ywood  fc.  later 
use  at  posttest  Instrumentation  holes* 
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3-3  PROJECT  1.9 


3.3.1  Installation  Phase.  Eighteen  7-7/6- inch-diameter 
holes  W31  ’  drilled  for  tlic  iii3t>-.i.lation  of  colored  sand 
coli-Tiins.  Sc\_s  surve”  services  were  not  required  for 
Project  ]..9j  other  lean  to  provide  these  holes. 

3.^*  PROJE'^T  3.1 

3«^i'.l  Installation  Riase.  Fifteen  density  samples  of 
coirpaci  'd  sand  hackfill  were  obtained  from  e^g".t  model 
structure  Installation  pits  located  as  shov/a  in  Figure  3.29 
to  determine  the  as-placed  density  and  water  contents 
of  the  hackfill.  The  water  content  and  density  of  the 
compacted  sand  backfll].  axe  shown  in  Table  3«^* 

^9  PROJECT  3.ii 


Holes  were  required  for  the  Installation  of  sand  columns 
adjacent  to  test  footings,  and  field  tests  were  required  to 
obtain  strength  data  on  the  in-sltu  soils.  Undisturbed 
uaffl't'los  of  in-sltu  aollti  and  backfill  were  required  for 
laboratory  testa  to  detemine  tlic  olaaaiflcation,  water 
-.latent,  density,  streagth,  sad  cossrccsibility  of  ♦ihe 
soli  a.  qtta  location  of  borings  and  field  testa  are  shown 
in  Fig>»re  3.3O, 

3«5»1  Prtllniraiy  Rrase.  Four  split  spoon  bor  ,' . 

D-i,  D-2,  D-3,  and  D-4,  wara  drilled  to  obtai.  peoctrat-ju 
resistance  and  ^11  sesq^lea  for  teats* 


Penetration  resistance  data,  and  water  content  and 
Atterberg  limits  deteim5.ned  from  tests  on  the  split  spoon 
samplsf,  in  the  field  laboratoi/  are  plotted  with  reference 


tc  depth  in  p'.gure  3-31. 

Eight  undisturbed  san^jles  were  obtained  from  borings 
U-l>  U-c,.  U-3i  and  U-4.  Atterberg  limits  and  water  content 
deteit/iinations  were  made  on  the  san^ples  in  the  field 
laboratory.  Mechanical  analysis,  void  ratio,  density, 
unconfined  compression,  c  jnsolldation.  and  r,aiitiple-stage 
triaxial  tests  were  performed  on  selected  samples  in  the 
WES  soils  laboratory  in  Vicksburg.  A  summary  of  soil 
properties  determined  from  the  tests  is  shown  in  Table  3.9. 

Stress  versus  atmln  curves  and  soil  properties 
obtained  from  the  unconflned  coa^resslon  tests  are  shown 
in  Figure  3.32. 

Pre8sure>vold  :'stlo  curves  and  soil  properties  obtained 
fiom  the  con8<.^lidatiou  tests  are  shown  in  Figure  3  •33* 

Ttic  recults  of  the  multipie-scage  triaxial  tests 

uix'  Miowit  lit  rigwve  3*3^* 

Four  load  bearing  tests  ,/ere  madr  in  test  pits  Nos.  1, 
2,  3,  and  U.  Settlement  •'Oiuas  loaf,  curves  from  tOBL>« 

ore  shown  in  Figure  3»35* 

Density  sao^ples  of  the  'jndis'  irbed  in'.itv  soil  ''sre 
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taken  in  the  bottom  of  each  test  pit  adjacent  to  the  load 
bearing  plate  and  from  the  floor  of  the  stract  ire  pits. 
Water  Gi.ntent  and  density  dacu  from  these  saj::5>les  are  shown 
in  Te'^le  2  •°* 

3.'?. 2  Installation  Phase.  Water  content  and  density 
samples  wei'^  obtained  from  the  compacted  silt  backfill 
placed  back  of  the  test  walls  of  tbe  footling  structure  ar-.d 
a'Xiund  the  perimeter  of  the  interior  footing  stricture. 

The  silt  was  con^jacted  in  j-incb -thick  IJ'-'-.s  by  air  tamps. 
The  water  content  and  density  of  the  silt  backfill  behind 
tiie  walls  of  the  wall  footing  structure  are  shown  in 
Table  3. 10  and  in  Table  3. 11  for  fill  around  tiie  perimeter 
of  the  interior  looting  structure. 

raring  the  Installation  phase,  88  holes,  I-I/2  inches 
in  diameter,  were  drilled  from  4  to  I6  feet  deep  in  a.id 
around  the  wall  footing  structure  pit;  and  62  holes,  1-1/2 
inches  in  diameter,  were  drilled  from  I-I/2  to  10  feet 
deep  In  the  floor  of  the  intc';!'.-;  footing  structure  pit. 

Tnc  holes  were  bacltfilled  with  colored  sand. 

3.6  PROJECT  30 

3.6.1  lnst.illatioa  Phsc-*.  Density  and  water 
oaiqplas  were  obtained  from  the  coiqpacted  sand  -’ac);. . ft  iu 
six  modal  structure  installation  rJts,  loos  'd  as  >iiov.  >  in 
Figure  3.36.  ihc  t'lnal  density  and  water  content,  data 

for  the  aa-placad  bactJ*ill  are  shown  in  Table  3.12. 
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TRJAXIAL  COMPRESSION  TEST  REPORT 


ire  3.23  Project  1.3,  ccnatajil- stress  ratio  triaxial 
(pretest),  boring  1.3/50S.09-1,  Sample  5. 
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of  Engineers,  U.  S.  Army,  'Hi  3-357»  March  1953.1  !-'«  Army  Engineer 
Waterways  E^^eriacnt  Station,  Vicksburg,  Mississippi  ( UNCLASSIFIED i 

2,  Lanibe,  T.  W.;  “Soils  Testing  for  Engineers,"  First 
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AM<T  ACTIVITIES 


i  CHIE''  OF  R  S  0  DA 

AC  01-  S  IRTELLIOEHCC  DA 
1  CHIEF  vF  tHGINEFRJ  DA 
?  ARHY  mater  I  AL  COAtHAKS 
J  US  ARHT  COMBAT  OEVCLORMtlHT.',  COMMAND 
I  U  S  army  COC  RuCLEAR  6RDUP 

1  U  S  ARMY  ARTIILERY  BC'riO 

I  u  S  army  air  UCIEMSE  board 

I  U  5  ARMY  COAWAMO  AMO  GCAERAI.  STAFF  COCLEGE 

I  U  S  ARMY  AIR  DEFENSE  SCHOOt. 

1  U  S  ARMY  COC  ARMOR  AY.FNCv 

I  U  S  ARMY  COC  IIRIIUCRY  AGENCY 
1  U  S  ARMY  AMIAMOn  SCHOOC 
’  U  S  ARMY  cue  '.MFARTRy  AGENCY 
I  U  5  ARMY  ORON^MCE  A  GUIOEO  MISSILE  SCHOOL 
1  US  ARMY  COC  ;8R  AGENCY 

I  engineer  SCHOGl 
I  armCG  ilSyl:  ; f ;  ;ti / f  ,'.f  path 
/r,MY  MEDIC*'.  RI.'FAtv,  l  Af 
I  MAI  rCR  RCCS  ARMY  INSl  Dr  Rf:. 

I  SMr INFER  R! SEARCH  A  PEV  LAB 
.  'YAERIHEnY  ilATlOK 

I  MIC*!  INN''  ***.,*NAL 
i  OIAMON  '  on  IRA',  •  FUjr  LAHORAIOHY 
<  Ball  I  sue  ficfanCh  lsboaayory 

i  NMI'F  SANlS  M|.,SUE  (UN'il 

1  U  S  ARM»  MOBILITY  CNMNANO 

I  U  S  ARMY  MUNITIONS  (JHMANO 
1  If'T'T'NiCS  command 
'  <•  '  If  ELICIROHIC  P''i?YiMG  i.ROUnP 

I  ;  '  CRGINCFR  MISSOURI  NiVfP  OIST 
A  U  •  MMl  ELFCIIWMIC  B  S  U  LABOMATORY 

I  U  iRfASR 

1  N  i  ARmi  nGClIAR  DffCRSE  LA  DRAIORY 


*<n  RCTivintf 

U  S  ARHT  COLO  NyOION  Nts  L  ERG  lrIGRAIORV 

U  S  AOMV  coots  ot  CROIWIRS  NGCf'AR  r.NRYER'NG  ONOUt 

URITID  ITaIIS  CeMTIMCNTAL  ARMY  COMMA' 0 

U  A  ARMY  COC  COMNINfU  AN«t  RROtAM 

CHIEF  OF  NAVAL  OtlRATlOMI  OtOMG 

Cl :;tF  (H  .i*Y4k  ottRRtlors  0t>T| 

L-.EF  OF  M.  Y-Al  OtIRAttOMS  Ot-IR 


I  HO  UiAF  AFaPDL 

I  HO  USAF  AFOVX 

1  HO  USAF  AFOCFC* 

1  HO  USAF  AFGOA 

S  HO  USAF  AFCIM-3','1 

;  AC  OF  S  INTELLlit;''!'  ilQ  USAFE 

1  RESEARCH  S  TECHNOLOGY  DIV  BOLLING  AFB 
1  BALLISIIC  STSTENS  DIVISIOR 

1  HO  USAF  AFMSPAA 

1  tactical  air  command 

1  air  'DEFENSE  COMMAND 

I  AIR  force  systems  COMMAND 

S  RADC-NAAUD.GN’FFISS  AFB 

I  PACIFIC  air  *r.NCE» 

1  SECOND  A'N  EOhCy 

7  A’  C^MDRIDGE  h.'C'.RCH  .r*N’E» 
s  Ai  .NL  rrRiL.LND  aid  NMH 

:  AIk  university  l'BNARY 

I  LOVRT  Afi 

1  SCHOOL  UF  AVI* 'ION  H'UtCINl 
S  AC  NON  »UT  I  Cal  S'.  I,'.':;.'.' 

7  USA''  PMOJECT  rand 

S  air  TCC.hMCAL  INIf^LIUENit  LENIfR 

I  HO  USAF  AFCCO 


OTMCR  KPARTNtMT  OF  DCFKMAC  ACT|V|t||S 

1  DIRtO'OR  OF  Ctl'LRSf.  NY  starch  ANO  kNGINETR'NY 

S  ASST  TO  VhE  STCREThRY  OF  MFENSE  AIOMIC  ENCM6V 

I  AbVANCt  ACSCAR.H  RROJECI  AMNCY 

t  Vt.'-xni  GTS-C,  rvALUATlUN  jNOUr 

I  ASST  SECREIA'TV  op  PIFCHSF  IMSIALLAIIDM  L  lwuifiivf 
*  OtFENsC  ATGHK  rumor  •  AGt..YY 
)  FIELD  COmAMO  UABA 

t  field  cwotamo  dasa  fcto 

E  field  lohmano  data  FCat 

!  "(FINSE  INTIUlMNa  AfttNCV 

I  ANMCD  SISVKES  (FRLI4IVES  SAY'EIY  NoARO 
I  JOINT  IRSE  FCHtl'l 

I  cOMMAiiofN'-IM'CMIlR  |tXL« 

s  COFLSANOtS'-tN-CHIFF  FACIEIC 

S  COMHAMCIR'fIKnCHIIF  ATLANTIC  'LEEE 

t  btratibil  air  cofouno 

I  CiNCOMRD 

I  Rksr  sLCRi  rav  of  otFi'RAf  clvu  hefenle 


J  CHIEF  or  NAVH  ptf  RAT  IONS  CODE  Bll 
I  CHIEF  OUREAU  OF  NAVAL  VlARONS  tHl*! 

I  CMicr  iiMtAU  OF  SHin  com  rji 

•  LAIIF  EtMIAU  OF  VRROS  S  OfKNS  CMC  EA 
I  DIHClOR  U  %  NAVAL  RIBCRRCH  LAO  CASB 
E  US  MFNAL  ONONRIPII  LAHORAEOtE 
I  NAv'  ft.EC'AONICS  lANORaTOOV 
I  U  S  NIVAL  RAOIOLMICAl  OCFCNH  a  At 

I  U  S  NAVAL  CIVIL  INOIMCIRING  LA«IORAfOOV 

1  U  I  NAVAL  SCMOnCl  CONHRNO  U  I  HRVH  STAY  ION 

U  t  naval  PwSEONad'JAU  school 
I  >■  S  NAVAL  SCHOOL  Ct'  OFFICCNl 

I  0  I  NAVAI  OEHAOC  CONIOOl  YNS  LEN*tN  AK 

I  NAVAL  A|A  HATSNUl  CINEeR 
I  w  k  Naval  rin  ocveloomint  ci itcn 

I  U  S  NrVRL  NSRtONt  IVRLURtlON  FRCUIIV 

I  G  '  MAVRL  MtOICAL  HWARCH  INSEIM'A 

I  DavIO  0  TAVLOO  ESOIt  ORSIN 
1  W  RAVAL  CNOIOIfllNG  tANfRINEM  tlREION 
MtltFOLA  naval  SMiAVUa 
A  V  '  NeOINI  coots  CHOC  ALSM 

Alt  tooct  ACt;«|Ellt 


tot  CIVILIAN  OIBER  CATi  R  I 
I  "NMIO  'ItCIOOOVHRHICI  INC  tRSAMNA 
1  •RACE  EtCM  LA*  LOB  ANMirS  aTIn  maMLE 
I  Mil  CAFIOOIOOC  NAAN  ATIN  NANNN 
I  M  COAII  BOMOO'iC  WOVfv  MtHiNOION  ATIN  NUNi'lo 
I  tANOIA  coot  lANOIA  RASE  ALOUOUCOOF*  RUN  CLRNS  I  Uv  DIV 
I  Ut  ten  AWOVIV  OChVCB  COL  RTIN  OOACM 
I  UB  BIO  KtyfV  MNVlB  col  been  tRRISt* 

s  nolnib  rnd  NRrn  founortio*  lob  rrmlCB 
I  lit  BiBiAscM  loBEinnt 

BCOtMTBKI  C«0O  ot  AMOI'N  tSttOM  NkBB 
I  '..OlfClOllCRS  lOM  BAOlAN"  TTeaB 
IMA  AHCNICAN  INANB  coot  A,  .A  vL 
I  OCtI  Ot  CIVIL  tttA  IWIV  OR  ’>•  'HDhir  |vl  RITA  -..wiAaN 
I  IMItIO  BCBtSAAVirtB  sink:'  >«  CAIIE, 
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BaMIA  COBtOOIEION 
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•T||  oAB  OIOUvWSBIIO 

OEIf  0A«  Rieai  BMtLUB 


KO  lEBAt  NFEaCxO 
MB  'JBAt  AFINCA 


9» 


